Water scarcity is a threat for mankind and its symptoms have been aggravated by several factors such as climate change effects, increase in population and accelerated urbanization. Among the alternatives of water supply, the desalination has become one of the most sustainable solutions to provide freshwater. However, the process of desalination requires high quantities of energy and the use of renewable energy sources can make the technology affordable for regions characterized by freshwater scarcity where the supply from electricity is not accessible. In this context, wind power can be singled out because of the constant innovations and progress of the wind power industry, which grows rapidly worldwide. This study aims to use patent applications for the technological forecasting of wind-powered desalination in order to analyse its innovation potential. China is the leader country in the technological development of this field, accounting for almost 80% of patent applications in the last 17 years. The patents analysis showed that innovations are being developed to combine the wind power, mainly, with Reverse Osmosis technology. This study also shows the immense potential of integrating of these two technologies as a strategic alternative for remote regions affected by a lack of freshwater and with no electricity access.
Introduction
Water is available on the surface as well as underneath it, and it is a fundamental 3 /d [5] [6] . Seawater or brackish water can be desalinized and supplied in large quantities for domestic supply and industrial uses. However, these processes originate other issues, mainly the high energy consumption [7] . The process of desalination requires high quantities of energy, supplied mainly from conventional fuels. As a result, it becomes costlier than obtaining surface and ground water through other methods.
Desalination is a process in which saline water is separated into two parts using different forms of energy, one that has a low concentration of dissolved salts (freshwater), and the other which has a much higher concentration of dissolved salts than the original feed water (brine concentrate) [8] . Saline water is classified as either brackish water or seawater depending on the salinity and water source. The desalination can occur in many forms, such as thermal and mem-brane processes. Thermal processes are based on the change of the state of water, among which the following methods stand out: Multi-Stage Flash Distillation (MSFD), Multiple Effect Distillation (MED) and Mechanical Vapour Compression (MVC). Membrane processes, in their turn, are based on the membrane's capacity of selectively separating salts from water [9] . In general, it is possible to understand the membrane as a barrier that separates two phases and that restricts the transportation of one or more chemical elements partially or entirely [10] . Among the processes of membrane separation, Electrodialysis (ED) and Reverse Osmosis (RO) can be singled out. Electrodialysis is based on the passage of water through a recipient that contains two poles under the influence of an electrical field, in addition to successive semipermeable membranes. With the electrical field, the positive and negative ions of the dissociated salt molecules migrate to the respective poles and are separated from the water by the action of the membranes. In reverse osmosis, the process is based on adding pressure to the water that will be treated, making it pass through the semipermeable membrane and separating the water from the solute [9] .
In thermal and membrane processes, the main obstacle for the dissemination of desalination is their high energy consumption. The desalination of salty water requires significant amounts of electrical or thermal energy, depending on the process [11] . Today most of the energy supply for desalination is produced from fossil fuels that are harmful to the environment as they emit carbon dioxide (CO 2 ), and only less than 1% of the energy supply comes from renewables [12] . According to [11] , the use of a renewable energy source can reduce significantly the operation costs of desalination processes, making the technology affordable for regions characterized by freshwater scarcity, mainly where the supply from electricity is not accessible.
In today's carbon-constrained world, with rising awareness of the risks of climate change, clean energy technologies are considered environmentally friendly energy options to sustain socioeconomic development. Additionally, these resources help to assure energy security and to reduce reliance on foreign oil as well as the associated market vulnerabilities [13] . Various non-conventional sources of energy like solar, wind, wave and tidal energy can be used to produce electrical energy for desalination plants driven by electricity. Desalination using biomass and geothermal energies is still being developed, but there are many possible combinations of other renewable energy sources with desalination technologies to produce freshwater [14] . Renewable energy provides energy security without damaging the environment, while the reduction of fossil fuel reserves puts at risk the long-term sustainability of the global economy. As a result, the use of renewable resources for desalination becomes increasingly appealing, particularly in isolated and dries districts where the use of conventional energy is expensive or unrealistic.
Among the renewable energies, solar and wind energy occupy the higher fraction of the renewable energy utilization in the desalination field [15] . In this sense, the wind energy can be singled out because of the constant innovations represented 3% of the world's production of electricity [17] . The International Energy Agency predicts that this capacity will reach 18% by 2050 [18] . Areas with a high wind energy potential like islands and high-altitude zones can be used to produce wind energy to provide freshwater using desalination processes. The electrical or mechanical energy generated by a wind turbine can be used to operate desalination plants, especially in coastal areas with a high wind power potential [19] . Moreover, according to some authors, among the many renewable energy resources, the integration of desalination with wind power has the smallest impact on the environment, representing a 75% decrease from other energy sources [20] . As a result, in areas with a high wind power potential and that need desalination, wind power is the most appealing energy source.
Wind power generation and desalination are different technologies that can be combined in many ways. The interface between the wind power system and the desalination unit occurs where the energy generated by the wind is transferred to the desalination plant. Since the energy required by desalination significantly affects operational costs, the integration of renewable energy systems with desalination seems to be a strategic option that would enable the use of the technology in many regions. Wind energy can power desalination plants directly or indirectly through four types of energy: electricity, thermal energy, potential gravitational energy and kinematic energy [21] .
Electricity is the most commonly used interface between wind power and desalination. After the electricity is converted, the energy of the wind plant can be used in desalination processes such as Reverse Osmosis, Electrodialysis and Vapour Compression [21] . The prototypes of wind-powered desalination systems have been reported in some regions of the world and a range of experiments has been conducted. For example, the city of Perth started the push for wind-powered desalination in Australia. The first plant was put into operation in 2006, and it is located in Kwinana, 40 km to the south of Perth. The desalination plant produces 150,000 m Journal of Environmental Protection while.
Technology foresight is one of the most widely used methods for investigating the future use of given technologies, mapping out and giving an overview of a process or production chain [24] . In this research, a foresight study of wind-powered desalination was conducted by investigating patenting activity on the subject. With technological trends and the collection of data from patents, this study aims to identify the main applicant countries, the evolution of the number of applications over time, the international classification of the technological content of the innovations related to desalination driven by wind energy, and the main applicants in this technological field. The research and development trends of wind-powered desalination can represent strategic alternatives to solve water scarcity worldwide in the future.
Patents are excellent indicators of innovation since they can be used to measure results of Research and Development (R & D), productivity, structure and the development of a specific technology/industry. Since R & D activities and the number of patent requests are related, it is possible to compare, monitor and analyse the development activities in a specific area or new sector. Statistics on patents have been used to evaluate the results of activities related to innovation. The number of patents granted to a certain company or a certain country reflects its technological progress. Moreover, an analysis of patented technologies can show in which direction technology is changing [25] . The World Intellectual Property Organization (WIPO), governments and scholars in general see the patent applications of a country as an indicator of its technological advances [26] .
Methodology
This study is a technological analysis involving the empirical study of patents applications. In this article, three main steps were carried out. First contact with the theme through a bibliographical review. Reference literature was used to give a picture of the state of the art about the desalination in terms of technologies, installations and challenges of the sector.
The second step is the search of patent applications on the selected database using keywords and International Patent Classification (IPC). The IPC is the international classification system created by the Strasbourg Agreement (1971) which divides technological areas in classes from A to H. Within each class, there are subclasses, main groups and groups in a hierarchical system, with classification for the technological contents of the patents.
Next, an analysis of the retrieved patents applications was performed through of documents reading. Variables as country of origin, year of publication, applicants and main claims were extracted from patent documents. The analysis of the data allowed the identification of the main technological trends of the wind-powered desalination industry.
We retrieved patents applications using the Derwent Innovations Index database, for patents filed between 2000 to October 2017. The Derwent Innovations The patents applications recovered by the search were imported into the software Excel to organize the information in a table and sort them out by selected variable.
Results and Discussion
The results from the search are presented in graphics and analysed. The search strategy described in the methodology led to 133 patent applications, being that of this total, 38 patent applications are of the utility model 1 type. In some countries, a utility model system provides protection of so-called "minor inventions" through a system similar to the patent system. Recognizing that minor improvements of existing products, which does not fulfill the patentability requirements, may have an important role in a local innovation system, utility models protect such inventions through granting an exclusive right, which allows the right holder to prevent others from commercially using the protected invention, without his authorization, for a limited period of time. In general, compared with patents, utility model systems require compliance with less stringent requirements (for example, lower level of inventive step), have simpler procedures and offer shorter term of protection [27] . 2 The Patent Cooperation Treaty (PCT) is an international treaty that makes it possible to seek patent protection for an invention simultaneously in each of a large number of countries by filing one "international" patent application and then commencing the national procedure in the countries where protection is sought. Figure 2 shows the number of patent applications on the subject per country of origin.
Number of Applications per Country of Origin
Regarding to the number of patent applications per country was verified that more than 90% of them came from China. In second and third positions, Korea and the United States stand out, which together represent only 4.5% of total retrieved patent applications. The research showed that China has a much higher number of patent applications related to wind-powered desalination technologies than other countries, although 30% of these Chinese applications refer to utility model patents.
The research also revealed a clear differentiation in inventive activity type between the countries. It is noted that China tends mainly to file requests aimed Regarding to wind power, China continues to maintain a strong momentum in the rapid development of wind power equipment production and wind farm development. China's wind power sector is one of the often-cited success stories of low-carbon energy development in emerging economies. The country has consolidated its role as the global leader of wind power, adding 33 GW of new installed capacity. This represents a market share of 51.8% [30] .
In this context, the integration of the desalination process with wind energy has been increasing significantly in China, since that this technological solution has been considered one of the most promising to solve the water scarcity in the country. Universities accounted for 23% of the applications, and they are all Chinese.
Profile of the Applicants
Hohai University stood out with 7 patent applications, while the Anhui University of Technology presented five applications. The research also showed that the companies presented similar number of patent applications, which leads to the conclusion that these companies are likely in the same stage of technological development.
Technological Trends of the Sector
The interaction between basic science and technological development can be classification from IPC, which refers to use of solar energy in water treatment.
Although with a lower frequency in relation to the two technological fields mentioned previously, the analysis also identified 26 applications (19% of total retrieved) about the integration of the wind energy with Mechanical Vapor Compression (MVC), as shown in Figure 4 . The MVC technology is classified as a thermal desalination process since it involves the evaporation of seawater. The MVC desalination system is generally used for small scale and medium scale desalination units. The energy for evaporating the seawater comes from the vapor compression reheating by mechanical compressor rather than direct heating. Although it is a thermal process, electrical energy is necessary to activate the compressor of the unit. In a wind energy powered desalination system, the compressor is driven either directly by the mechanical energy of the wind turbines or indirectly by the electrical power from wind power generator. Although the MVC process consumes more energy than other desalination methods such as RO, the additional advantages of relatively simple plant design and more robustness of fewer operation problems to power fluctuations attract several researches' attentions [33] [34] [35] .
The research indicated the great potential of the MVC technology in the integration with the desalination process because of the advantages mentioned above. Membrane desalination technologies require complex pretreatment systems and high maintenance costs, such as membrane replacement over the lifetime of the plant, which is a big challenge of Reverse Osmosis in remote coastal areas and islands. In this sense, thermal-based desalination demands much simpler pretreatment processes compared with membrane-based methods, which makes the MVC technology a good choice to remote locations. Figure 4 also shows that 28 applications (21% of total retrieved) had as technological focus innovations in wind-driven engines. This result reflects the trend in the development of wind turbines and extra equipment designed to avoid wind fluctuation and intermittency, like energy storages systems and pressure or flow stabilized systems. Moreover, the research also showed the interest of the sector in technological solutions that enable wind turbines to operate at low speeds, that are essential for a reliable energy production since that many regions have available wind speeds that are low (such as 3 or 4 m/s).
Conclusions
The seawater desalination using renewable energy has become a key technology to solve the water scarcity problem in the world in an environment-friendly manner. Like other sources of renewable energy, wind energy is developing toward conventional, competitive and reliable energy technology. Technological improvements have continuously reduced the costs of this type of energy, especially on land, which makes the use of wind energy, a strategic option for problems related to water and energy.
Publications about patents are important sources of technological information 
